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Reprintzd - pwnission from SOIL SCIENCE SOCIETY OF AMERICA JOURNAL, Vol. 41, November - December 1977. 
ature of the Organic Coating on Sand Grains of Nonwettable 
Golf Greens 1 
By R.H. Miller and J. F. Wilkinson 2 
ABSTRACT 
coating of nonwettable sand grains from localized dry 
' goll greens was extracted with 5% NaOH. An infrared spec-
porified, freeze-dried extract was similar to spectra of soil 
other supporting data such as solubility, color, failure to 
acidification, noncrystalline nature, and a high extinc-
roeffil:iiect were consistent with the conclusion that the organic coat-
acid. The relationship of the synthesis of fulvic acids to 
diac:."11:8.e byphae in the affected soil layer is discussed. 
M ei=! Index Words : Agrostis palustris, creeping bentgrass, hy-
fnlvic acid, humic compounds. 
occurrence of localized water-repellent areas in 
been recognized and studied periodically for 
- Incidents of nonwettability have been as-
sociated -th burned over areas of forest soils (4, 10), citrus 
groves ~- 6 13), grassland (1, 2), or turf (9). Most of the 
water-npelleat soils are course-textured sandy soils. Both 
vegetafu"e co er and the presence of fungi (most often ba-
·- es) have been implicated as causative agents 
the evidence for either alternative is circum-
organic compounds responsible for the nonwet-
:soils and sands have not been clearly identified. 
Wander (l3) found that the wettability of water repellent 
citrus could be restored after extraction with methan-
ol, ether. He proposed that the methanol extracted 
the metallic soaps of fatty acids. Savage, et al. (11) found 
that the water repellency of fungal sand cultures was not 
aff ed.ed by acetone or ether, but could be removed by 
me or water if the extractions were made prior to 
hea - These authors concluded that the inverse rela-
tio - of organic matter content with water repellency 
of sand cultures suggests that the substance or substances 
causing e water repellency were either produced in the 
latter stages of the fungal growth or are the lytic products 
of the fungi themselves. 
A previous paper by Wilkinson and Miller (14) des-
cribed the occurrence and characteristics of localized dry 
spots on sand golf greens and ascribed the nonwettability 
to hydrophobic properties in the upper 2 cm of the sand. 
Scanning electron micrographs showed a coating of amor-
__,........,, lApprm-ed for publication as Journal Article no. 40-77 of the Ohio 
',ic_ Res_ and Dev. Center, Wooster, OH 44691. Received. 4 April 1977. 
pr:oved 2 June 1977. 
2Proressor. Agron. Dep., The Ohio State Univ. and OARDC, Colum-
bus, OH 43210; and Research Director Chem Lawn Corp., 450 Wilson 
Bridge Road, Worthington, OH 43085 (formerly Asst. Prof., Agron. Dep., 
The Ohio State Univ. and OARDCl. 
phous organic material and hyphal-like strands on sand 
grains from dry spot areas, but not from unaffected areas. 
This coating could be removed by ashing at 500°C, and by 
washing with 5% NaOH, but not with 5% HCI. 
This paper reports data which identifies the organic 
material coating the nonwettable sand grains. An attempt 
is made to postulate the origin of these organic coatings. 
Materials and Methods 
The top 2-cm layer (the nonwettable zone) was re-
moved from intact soil cores obtained from dry spot areas 
of experimental golf greens (14). One hundred gram sub-
samples of this sand layer were transferred to 500-ml Er-
lenmeyer flasks and extracted for 2 hours with 250 ml of 
5% NaOH. Previous extractions with hexane, methanol, 
and 5% HCl had not been successful in solubilizing the sur-
face coating of the sand grains. Following extraction the 
NaOH extract was filtered through Whatman no. I filter 
paper and concentrated to - 30 ml in vacuo at 40°C us-
ing a flash evaporator. The dark reddish brown extract 
was stored at 4 °C for further analysis. 
Aliquots of the NaOH extract were acidified to pH 
1.0 and extracted with diethyl ether, hexane, and chloro-
form in a separatory funnel. The organic phase was col-
lected and the solvent removed at room temperature us-
ing a flash evaporator. 
The NaOH extract was purified by passing a 0.3 ml 
aliquot through 1 by 4 cm columns of Dowex 50 X 8 m+ 
form, 100-200 mesh) and Dowex 2 (OW form, 100-200 
mesh). 
Organic matter was determined in the original ex-
tracts and the column eluates using the K2Cr2p7 colori-
metric procedure of Carolan (3) with sucrose as the stand-
ard. 
' Polysaccharides of the NaOH extract and the column 
eluates were estimated with the Anthrone method (7) us-
ing glucose as a standard. 
Ultraviolet spectra were run on appropriately diluted 
samples using a Perkin Elmer Model 202 Ultraviolet-
Visible Spectrophotometer. 
Eluate from the Dowex 50 column was collected and 
freeze dried. Approximately 1.5 mg of the dried material 
after freeze drying was mixed with 300 mg of KBr and 
pressed into a pellet. An infrared spectrum was run on this 
pellet using a Perkin Elmer, Model 237B Infrared Spectro-
photometer. 
(Continued on Page 4) 
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Fig. 1- Infrared spectrum of the unknown organic coating extracted from nonwettable sand grains with 5% NaOH. 
Results and Discussion 
A series of steps were used to identify the hydropho-
bic organic coating of sand grains from the nonwettable 
golf greens (14). These steps are presented sequentially 
below. 
... Jt !24'14 ta uU 
AQUA·GRO 
ABUA • GRO Ouahrv Blended Wet t ing A gen t 
ABUA • T Low Cost Blended We t ting A gent 
STOMA• SEAL Chemica l Con trol o f Wilt 
Conven ience of Appl1ca t1on 
AtaUA·GRO GRANULAR 
The organic coating was evaluated according to 
classical solubility groups and found to be insoluble in 
H20, ether, and 5% HCl. The coating was readily sol·~ ; 
and extractable with 5% NaOH giving a clear, dark reddi 
brown solution. Acidification with HCl to pH LO produced 
a very slight organic precipitate after standing overnight 
at 4°C. The concentrated extract had an organic matter 
content of 2.2 mg/ ml, or an approximate concentration of 
6.6 mg/ g of sand extracted. Approximately 7% of the organ-
ic matter of the extract should be accounted for as carbo-
hydrate, undoubtedly polysaccharides. 
The acidified NaOH extract (pH LO) was extracted 
with diethylether, hexane, and chloroform to determine 
if fatty acids were present. None of these lipid solvents 
extracted any organic material, indicating the absence of 
fatty acids in the original extracts. Thus the organic coat-
ing and hydrophobic properties could not be attributed to 
Ca and Mg salts of fatty acids. 
All of the color and 85.6% of the organic material of the 
extract passed through the H+ saturated Dowex 50 column 
and 58% through the OW saturated Dowex column. The 
extract thus contains a material which has some negative 
charge, but the largest portion of the material is neutral. 
The resin purified material after freeze drying was a fluffy 
non-crystalline light brown organic residue. 
A UV spectrum was made on the resin purified ex-
tracts. A 30-fold dilution of the original extract was neces-
sary to obtain a suitable spectrum, indicating a very high 
extinction coefficient. A broad absorption band with · · 
peak at 208 nm was present in both resin purified extrac . 
An absorption band at 208 nm is associated with COOH 
groups. 
Finally, an infrared spectrum was run on a KBr prep 
aration of the unknown after it was passed through the 
H+ resin column. The spectrum obtained (Fig. 1) had 
diagnootic peaks at 3400 cm - 1 (H bonded OH groups), 2920 
-1 (aliphatic C-H stretching) , 1730 cm -1 (C = 0 of COOH 
ups) 1630 cm - 1 (not known with certainty but probably 
either- aromatic C = C vibration, H-bonded C =" 0 of qui-
nones or H-bonded and conjugated ketones of the enolic 
,B-diketone type) , 1400 cm - 1 (C - H deformation of CH2 
and CH3 groups), 1200 cm - 1 (C - 0) stretching and OH de-
formation of COOH groups) and 1060 cm - 1 ~C - 0 stretch-
ing of polysaccharide or polysaccharide like substances). 
The o erall spectrum is almost identical to those described 
by Stevenson and Goh for soil fulvic acids (12) . All of the 
other supporting data such as solubility, color, failure to 
precipitate at pH 1.0, noncrystalline spongy nature, and a 
high extinction coefficient were consi.stent with this con-
clusion. 
The organic coatings of sand grains from the non-
wettab e zone of golf greens appear to be fulvic acid like 
materials. The nonwettability of the fulvic acid materials 
probably occurs because of the formation of Ca and Mg 
fulvate which become hydrophobic after a prolonged dry-
ing cycle . The apparent relationship of the origin of these 
organic coatings to the appearance of basidiomycete 
sporocarps and hyphal colonization of the sand layer (14) 
remains to be evaluated further. However, the relation-
ship between fungi and the synthesis of humic materials 
has been demonstrated (8). It is possible that the fulvic 
· d coatings develop because of their synthesis by the 
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basidiomycetes or during the deterioration of the hyphal 
mat after the death of the fungus. These latter points need 
further investigation. 
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Massachusetts Turfgrass 
Winter Injury - 1977 - 78 
By Dr. Joseph Troll & Dr. Kirk Hurto 
University of Massachusetts, Amherst 
Winter injury of golf course turf was prevalent but 
sporadic in Massachusetts. Poa annua appeared to suf-
fer the most from either extreme cold winter temperatures 
or ice which formed in pockets and low lying areas on 
greens, tees and fairways. Poa not growing in a pocket 
but interspersed with a basic grass in golf greens that 
faced North and which contained little or no thatch, ap-
peared to have been a victim of direct low temperature 
kill. A January thaw followed by heavy rains and then a 
quick deep freeze caused severe soil heaving in many 
areas never troubled before. Exceptional spring weather 
of cool day temperature and often below freezing night 
temperature caused a late growth of turfgrasses. Even 
Poa annua in many of the winterkilled areas was slow to 
return. Germination and growth of turfgrasses on spiked 
and overseeded greens this spring was also slow. Play on 
such greens did not help ; in fact , it further set back the 
grasses. 
Most turfgrass species growing in the University of 
Massachusetts turfgrass plots in South Deerfield escaped 
winter injury with the exception of . the many perennial 
ryegrass cultivars. Ice cover caused some injury to a few 
of the Kentucky bluegrass and red fescue cultivars. Peren-
Use 111,1xg.1 
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6 
nial ryegrass cultivars planted in 1975 and maintained at 
two different heights of cut were almost entirely wiped 
out. A few ryegrass cultivars seeded in 1973 survived but 
only at the higher heights of cut of 1 1/ 2 inches. Severa(~, 
the many ryegrass cultivars seeded in the fall of 1977 ca~ 
through the winter's ice cover and look well. It is apparent 
under our conditions that many of the perennial ryegrass 
cultivars presently on the market and a few of the test 
cultivars are susceptible to winter-kill by ice cover. Uni-
versity of Massachusetts workers have initiated a study 
on the winter hardiness of two perennial ryegrass culti-
vars. 
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IN 
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Reprinted with permission from AGRONOMY JOURNAL, Vol. 70, March-April 1978. 
Investigation and Treatment of Localized Dry Spots on 
Sand Golf Greensl 
By J. F. Wilkinson and R.H. Miller2 
ABSTRACT 
Several experimental sand golf greens were seeded in 1972 to 'Penn· 
cross ' creeping bentgrass (Agros tis palustris Huds .) in Columbus. Lo-
calized dry spots became a serious problem during the summer of 1974. 
Despite heavy, frequent irrigation the soil remained hydrophobic, re-
sulting in patches of dead or severely wilted turf. The turf and thatch 
would wet, but water would not penetrate the thatch/ soil interface. In-
filtration rate within the dry spots was studied in the laboratory using a 
permeameter, and by placing water droplets along horizontally posi-
tioned s01l cores. Several wetting agent and soil cultivation treatments 
were utilized in a field study to alleviate the dry spots. The cause of the 
dry spots was investigated by observing individual sand particles under 
a scanning electron microscope. 
The hydrophobic condition was restricted to the upper 2 cm of soil. 
Infiltration rate within the dry spots was 20% of that for normal turf. Hy-
dro-Wet and Aqua-Gro reduced the severity of the dry spots, but a com-
bination of coring plus wetting agent proved most beneficial. Maintain-
ing moist soil conditions was the best defense against the dry spots. Al-
lowing the soil to become dry makes the hydrophobic condition worse. 
Scanning electron micrographs provided evidence of a coating sur-
rounding individual sand particles. The coating had the appearance of 
fungal mycelium and was organic and acidic in nature. No specific fungus 
was isolated that could be shown to be the cause of the dry spots. 
A~ditional index ~ords_: Aerification, Agrostis palustris , Coring, 
Creeping bentgrass, Inf1ltratlon rate , Hydrophobic soil, Scanning elec-
tron microscope, Wetting agent. 
Localized dry spots in soils have been observed ex-
tensively in the past. The hydrophobic condition has been 
studied in turf, citrus, and forest areas (7, 10, 12, 14, 15). In 
turf, the symptoms generally are irregular patches of dead 
or wilting plants, despite adequate irrigation or precipita-
tion (10, 12, 13). The problem has not been considered 
serious in the past since it does not interfere with plant 
growth or crop production on a widespread basis. How-
ever, localized dry spots on fine turf areas such as putting 
greens can severely disrupt use of the area. 
The hydrophobic condition appears worse in coarse 
vs. fine textured soils (7, 12). The condition generally is 
~estricted to a few cm at the soil surface (12), however, 
one report indicates it may be present to a depth of 1/ 2 
m. (2). Percent moisture within the dry zones has been 
measured at 0.5% (1, 2), while moisture in an adjacent area 
is 5 to 6%. The condition has been found on young as well as 
old turf installations (12). 
Preventive measures on turf have been concerned 
primarily with maintaining adequate soil moisture. (6, 9, 
12, 13). The non-wettable condition appears to be made 
1
'Published with the permission of the Director of the Ohio Agric. Res. 
Dev. Ctr. and submitted as journal article No. 60-77. This research was 
supported partially by the Ohio Turfgrass Foundation. Received 31 May 
1977. 
~RE!S~arch director, ChemLawn Corp., 450 W. Wilson Bridge Road, 
Worthington, OH 43085 (formerly, assistant professor, agronomy Dep., 
Ohio State Univ. and OARDC), and professor, Agronomy Dep., Ohio State 
Univ. and Ohio Agric. Res. Dev. Ctr., Columbus, Ohio 43210. 
worse by allowing the soil to dry (1, 12, 13). Corrective 
measures for existing dry spots include combinations of 
wetting agents and soil cultivation (coring and spiking) 
(10, 12, 13) . Cultivation is intended to provide channels for 
water movement into and through the dry spots. These 
treatments are most successful if begun before the dry 
spots become serious (13). 
Nu .nerous attempts have been made to elucidate the 
cause of the hydrophobic condition. The most widely held 
explanation is fungal mycelium or extracellular organic 
material coating individual soil particles rendering them 
hydrophobic (2, 4, 14). Attempts at isolating a fungus from 
dry spots have proved unsuccessful. An organic coating 
does exist, and limited scanning electron microscope 
(SEM) work has suggested the presence of fungal hyphae 
associated with individual soil particles from localized dry 
spots (3). Further indications are that the coating is polar, 
and results from formation of Ca or Mg soaps of fatty acids 
(12, 14, 15, 16). Numerous fairy ring fungi restrict water in-
filtration in turf areas, however, this generally is cc 
sidered a physical barrier effect where a dense myce 
mat is evident (6, 8, 9). 
The objective of this investigation was to more 
thoroughly describe the nature and methods for the cor-
rection of a localized dry spot problem on several golf 
greens at The Ohio State University turfgrass research 
plots. 
Materials and Methods 
Localized dry spots became a serious problem on 
several experimental golf greens at the Ohio State Uni-
versity turfgrass research plots in Columbus during the 
summer of 197 4. The greens were constructed in 1972 with 
a root zone consisting of 85 to 90% sand (Table 1). Similar 
mixtures are used widely in greens construction to en-
sure adequate infiltration and minimum compaction. The 
greens were seeded to 'Penncross' creeping bentgrass 
(Agrostis palustris Huds.) and have b~en maintained un-
der putting green conditions. 
Nature of the Dry Spots. When the dry spots first ap-
peared, several 2 cm diameter cores were removed and 
placed in a horizontal position. Depth of the hydrophobic 
condition was determined by placing water droplets at 1 
cm intervals along the core and measuring infiltration 
time (sec). Percent soil moisture was determined by ir-
rigating th~ greens, a~owing them to drain for 24 how\_;. 
and removmg and drying (100 C) samples from both~­
and normal areas. 
Water infiltration was measured by forcing 8 cm 
diameter metal cylinders int9 the thatch and soil. A 5 cm 
Table 1. Comparison of particle size distribution analyses made 
a t the time of construction (September 1973) of the greens and 
2 y ears after establishment (September 1975). 
P8:1'ticle size analysis 
Sand fractions (mm) 
v. Medium Fine V. Fine Silt 
coarse Coarse 0.25- 0.1- 0.05- 0.002- Clay 
Date 1-2 0.5-1 0.5 0.25 0.1 0.05 0.002 
% 
Sept. 1973 37.8 22.3 19.1 9.9 3.0 5.8 2.1 
Sept. 1975 49.6 28.2 7.2 4.4 1.3 5.9 3.4 
water head was placed within each cylinder and time 
(min) for complete infiltration was measured. Additional 
samples were taken with a double-cylinder, hammer-
driven 7 .5 cm diameter core sampler for laboratory deter-
mination of infiltration. The cores were placed on a perm-
eameter with a 5 cm water head. Infiltration rates were 
determined with and without thatch. 
Conection of the Dry Spots. Several cultivation and 
wetting agent treatments were used in an attempt to al-
leviate the hydrophobic condition (Table 2) . On 15 May 
1975 half of several greens were aerified (cored). Three 
wetting agents at four rates were applied perpendicular 
to the cultivation to produce 3.2 m2 plots. Severity of the 
dry spots was evaluated on three dates in July 1975 using 
a rating scale of 1 to 9, 9 indicating no damage and 1, dead 
rrf. 
Cause of the Dry Spots . Several techniques were used 
fo elucidate the cause of the hydrophobic condition. Parti-
cle si7.e distribution analyses were run on several dates to 
determine if there had been a migration of fine particles 
downward through the profile causing a layering effect. 
In July 1975 several undisturbed cores were taken 
from dry and normal areas and air dried. The cores were 
impregnated with an unsaturated, thermalsetting poly-
ester (Castolite), and thin sections were prepared as des-
cribed by Brewer (5) for microscopic examination. 
Additional samples were taken in August 1975 and 
dried at 70 C. Individual sand particles were observed 
from both dry and normal areas with a SEM after gold 
coating. Following this, samples from dry areas were (a) 
ashed at 500 C, (b) washed with 5% HCl, or (c) washed with 
5% aOH and inspected again with the SEM. 
Results and Discussion 
The dry spots first appeared as irregular shaped 
patches of dead or severely wilted turf in July 1974. The 
soil within these areas was dry despite frequent irrigation 
and normal soil moisture levels in adjacent areas (Fig. 1). 
The soil remained dry even though the amount and fre-
quency of irrigation was increased. Water penetrated the 
turf and thatch, but would not penetrate the thatch/ soil 
;;-Witerface (Fig. 2) . Irrigation water puddled momentarily 
n the dry spots and flowed off into the normal adjacent 
turf and soil. 
Several turf-thatch-soil samples were taken at the 
time in an attempt to isolate a fungus. Several fungal 
9 TURF BULLETIN 
Table 2. Effect of three wetting agents applied 15 May 1975 
with and without coring on the severity of localized dry spots 
in July. Turf quality rating 1-9, 9 no damage, I dead turf. 
Date 
Wetting 
x Cultivation agent Rate 8July 23 July 31 July 
liters/ha - Turf grass quality rating -
Hydro-wet 0 3.5 6 6 4.8 
25.4 4 5.5 4 4.5 
50.8 5 8 4.5 5.8 
101.6 4.5 5.5 4 4.7 
Coring Aqua-Gro 0 4.5 6.5 4 5.0 
25.4 4.5 7 5.5 5.7 
50.8 4.5 8 4 5.5 
101.6 5 8 4 5.7 
Grozyme 0 4 6.5 4 4.8 
25.4 4.5 5.5 4 4.7 
50.8 5 6.5 4 5.2 
101.6 5 7 3.5 5.2 
x = 5. 1 
L.S.D., .. ,11 0.85 1.45 0.4 
Hydro-Wet 0 2.5 2.5 2 2.3 
25.4 4.5 6 3 4.5 
50.8 5 8.5 3 5.5 
101.6 5 4.5 2 3.8 
None Aqua·Gro 0 1.5 2.5 2 2 
25.4 4 4 3 3.7 
50.8 5.4 5.5 3.5 4.5 
101.6 4 5.5 3.5 4.3 
Grozyme 0 3 5.5 2 3.5 
25.4 2.5 3.5 2 2.7 
50.8 3.5 6.5 1.5 4.2 
101.6 4 5 2 3.7 
x = 3.7 
L.S.D.,0 •00 , 2.1 0.65 0.35 
species were found (Helminthosporium, Alternaria, 
Curvularia) , but all species were present in both dry and 
normal soil samples . No active mycelium could be ob-
served at this time within the thatch or soil. Only after 
heavy, frequent irrigation (1 hour twice per day) for 2 
weeks did turf recovery begin. Heavy irrigation continued 
during 1974 to avoid a reoccurrence of the dry spots. 
Mushrooms became a problem on the greens, ap-
pearing between mowing in April 1975. Two fungal species, 
Conocybe and Naucoria, were identified. A mat of my-
celium was present in the vicinity of the mushrooms 
throughout the thatch and upper 1 cm of soil. The mush-
rooms continued to appear between mowings for about 2 
weeks, but did not appear to affect turf quality or cause 
localized dry spots. 
Cultivation and wetting agent treatments were made 
in May 1975 in anticipation of the dry spots reoccurring. 
They did reoccur in mid-July, however, there was no evi-
dence of a mycelial mat within the thatch or soil at the 
time. 
Nature of the Dry Spots. The hydrophobic condition 
apparently was restricted to the upp~r 2 cm of soil since 
water droplets placed within this region would bead up 
and not infiltrate for 0.5 to 2.0 min (Fig 3). Water droplets 
would rapidly infiltrate at greater depths: Restriction of 
the hydrophobic condition to the upper 2 cm is confirmed 
by the fact that coring, which normally removes an 8 to 10 
(Continued on Page 10) 
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Fig. 1. Comparison of cores taken from dry spot (right) 
and normal (left) areas after irrigation for 1 hour. 
Fig. 2. Core taken from a dry spot showing no pene-
tration of water past the thatch/soil interface after 
1 hour of irrigation. 
Fig. 3. A water droplet which would not penetrate the 
soil within 2 cm of the soil surface on a core taken 
from a localized dry spot. 
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Fig. 6. A thin section made from a Castolite impreg-
nated soil core from the surface of a localized dry spot 
showing no apparent barrier to water 11.)0vement. 
cm deep plug, alleviated the dry spots by providing chan-
nels for water movement into the soil. (Table 2). 
Percent moisture in the dry spots averaged 3.0% 24 
hours following irrigation, whereas moisture in the norma1 
areas averaged 6.8%. This 3.8% difference in soil moistur 
can be critical in a sandy soil. The percent moisture-tension 
curve (Fig. 4) shows a sharp break between available and 
non-available moisture occurring at 6%. Although the 3% 
11 TURF BULLETIN 
Fig. 7. SEM's of sand particles taken from localized dry spots showing a coating surrounding the particles. (A) X 41, (B) X 82, 
X 82, and (D) X 820. 
mois :ure found within the dry spots is somewhat higher 
than found in other dry spot studies (1, 2), it was low 
enough in this case to cause considerable turf injury. 
Infiltration into the dry spots required about 4.5 min 
wi th a 5 cm water head, whereas infiltration into the 
normal areas was complete in under 2 min. In a natural 
situation of rainfall or irrigation, infiltration into a dry spot 
would be much slower since a 5 cm water head would not 
be present. The water would flow off the dry spot and in-
fil trate into the adjacent normal soil. 
Infiltration into dry spot cores was much slower than 
into normal cores placed on a permeameter (Fig. 5). Re-
moval of thatch did not significantly influence infiltration 
into the dry core. This confirms that the hydrophobic 
condi tion extended into the soil , and was not merely a 
function of the thatch layer. Dry spot cores on the permea-
meter for 1 hour were broken apart and were found to be 
saturated. Despite this , water infiltration did not increase 
to the level of the normal cores . 
Correction of the Dry Spots . Both coring and wetting 
agent treatments partially alleviated dry spot severity 
(Table 2). Hydro-wet and Aqua-Gro reduced injury caused 
by the dry spots on several rating dates , whereas Grozyme 
had no effect. Aerifying alone reduced the severity of the 
dry spots considerably, however, a combination of the wet-
ting agent plus coring was most beneficial. 
Allowing the soil to become dry made the hydro-
phobic condition worse (1, 12, 13 Abstr.). Maintaining 
adequate soil moisture is the best defense against dry spot 
problems. Since the break between adequate and insuf-
ficient moisture in coarse soils is so sharp, maintaining 
adequate soil moisture can be difficult during periods of 
high evapotranspiration. 
Cause of the Dry Spots . Thatch, which does become 
hydrophobic when allowed to dry out, had been elimi-
nated as the problem source by the infiltration studies. 
Thin sections made from Castolite impregnated cores in-
dicated nothing which would hinder water infiltration 
(Continued on Page 12) 
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Fig. 8. SEM's of sand particles taken from normally 
wet areas showing no organic coating surrounding 
the particles. (A) X 16, (8) X 800. 
-~-
12 
Fig. 9. SEM of several sand particles bound together 
from a localized dry spot. 
(Continued from Page 11) 
(Fig. 6). Pore size appeared more than sufficient to allow 
for adequate water penetration. 
Particle size distribution analyses at several depths 
did not indicate a migration and layering of finer particles. 
However particle size distribution analyses made 2 years 
after construction of the particle greens indicated a coarser 
soil texture (Table 1). In addition, particle size distributio . 
analyses made in late 1975 had very poor repeatibility. The 
same sample analyzed repeatedly appeared finer textured 
with additional washing and sieving. 
SEM photos of individual sand particles revealed a 
coating surrounding particles from dry spots only (Fig. 7). 
This coating had the appearance of an amorphous covering 
interspersed with fungal mycelium and did not occur on 
TURF MAINTENANCE EQUIPMENT AND SUPPLIES 
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FAIRFIELD, CONN. 06430 
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Fig. rn. SEM's of sand particles taken from localized 
dry spots after (A) ashing, (B) washing with 5% NaOH, 
and washing with 5% HCl X (X815). 
sa p es from normally wet areas (Fig. 8) . Several sand 
particles were found bound together by the coating in 
numerous cases (Fig. 9). This may explain the mixture ap-
pearing coarser textured 2 years after construction of the 
greens. Repeated washing and sieving apparently broke 
the sand particles apart and a finer texture was indicated. 
The coating was organic since ashing removed it. 
Washing the sand with 5% HCl did not remove the coating, 
whereas 5% NaOH did, indicating the coating was acidic 
(Fig. 10). Earlier work suggested the dry spots are caused 
by organic coatings which are acidic (12, 14, 15, 16). Specu-
lation is that the nonwettable coatings are Ca or Mg soaps 
~ of fatty acids . This would be possible in this case since the 
oot zone mix was alkaline and contained approximately 
15 % free CaC03. 
The hydrophobic condition described can best be at-
tributed to an organic coating surrounding individual sand 
particles . Identification of this coating by work done in 
13 TURF BULLETIN 
conjunction with this research indicates it may be the re-
sult of mycelial growth which took place before the dry 
spots appeared (11). The fungi were not active when the 
dry spots appeared, perhaps due to high temperatures or 
insufficient moisture. As a result , it was impossible to is~ 
late any causal organism. 
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Re ·. . "th ptrmission from the December 1977 issue of PARKS & REC REA T/ON magazine, published by the National Recreation and Park 
A ssocir;ztjo , 1601 North Kent Street, Arlington, Virginia 22209. 
By Joseph Levy 
WE ARE SLOWLY AWAKENING to the truth. Teachers, 
parents. psychiatrists, planners, social workers, and the-
olo · are all beginning to recognize that play is the 
primary activity for confirming our existence and affirm-
ing orth .1 If, as a society, we have erred in this cen-
twy. - is in our failure to realize the importance of play. 
, ~ missed this point because we have not under-
y behavior as a form of human expression 
thr100il!~. out the human life cycle. Play is not, as the 
theorists would lead us to believe, simply a method of 
rel - surplus energy or processing information. Nor 
is i a utilitarian activity preparing us for the more serious 
and - rtant adult roles in the real world. 
Play. as Plato described it, is the answer to the puzzle 
existence. Play is where mankind lives. The goal of 
us, in a simple and trite term, is happiness. We are 
when we become one with ourselves, others, the 
immediate environment, and the universe in general. 
Pia certainly provides the opportunity for this cosmo-
lo - unity. 
are some of the future implications of this def-
of play on the person and society? 
Collective Search for Identity: 
a New Romanticism 
Although there may be some strong debates raging 
between sociologist and economists as to whether we have 
Mr. Levy is an associate professor in the Department of 
Recreation at the University of Waterloo in Ontario, Cana-
da. This article is adapted from chapter 11 of his book Play 
.~ Behavior , which will be published in January by John 
iley and Sons of New York. 
11. Kusyszyn , "Gambling, Leisure, and Mental Health," invited ad-
dress , Department of Recreation, University of Waterloo, Ontario, Can-
ada, January 14, 1977. 
indeed reached the age of leisure, it is not necessary for 
the age of leisure to reach its zenith to see that people are 
already playing harder than ever before, longer than ever 
before, and in new, innovative, and exciting ways. Play 
is "busting out all over" and unleashing a plethora of life-
styles and subterranean energies: parachute jumping, 
skateboarding, orienteering, survival camping, hang 
gliding, skin diving, surfing, spiritual meetings, and com-
munal holidays. 
What are all these people searching for while risking 
their lives, money, or spouses? Abraham Maslow, the 
American ego psychologist, described it as a "peak ex-
perience" brought about by affirmation of our identity 
and confirmation of our existence. Our technological and 
computerized approach to most jobs and the loss of the 
work ethic among the majority of workers have given rise 
to a search for identity through one's leisure role rather 
than through the work role. Hence the loss of status, satis-
faction, prestige, and self-actualization that were once as-
sociated with the work role means that the identity search 
must be manifested in play behavior. 
The number of play identities will increase, and 
whereas in the past these identities connoted a parasitic 
or nonproductive life - philanderer, camper, tennis bum, 
ski bum, adventurer, traveler - today they have come to 
have a charismatic halo around them. Recently, it has 
become very popular for many students to travel either 
before beginning a long stint of education or during their 
formal education. This trend has been severely criticized 
by the more conservative members of our society, who 
object to the "survival" techniques adopted by these stu-
dents while on their travels. However, while these con-
servative groups compare the traveling students to a 
group of gypsies or hoboes who beg free meals and lodg-
ings, it would be more realistic to interpret this manisfest-
ation as another example of a search for identity. There 
can be little doubt that as the opportunity to find mean-
ingful work diminishes and state support of basic survival 
becomes a right, there will be an increase in the number 
of "nonworking" (play) models for identity. 
The crucial question facing professionals who monitor 
play behavior will deal with the morality of play. The 
writing is already on the wall! There is not only a change 
from a work identity to a play identity but there is also a 
concomitant change in ethos. This is becoming quite evi-
dent from the recent Supreme Court decisions on por-
nography and drugs - that it will be right to derive satis-
faction, identity, and fun from play behavior formerly 
considered wrong Thus, we·see that our society is moving 
toward the moral dictum that the individual has the right 
(Continued on Page 16) 
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to any form of play. Taken to its ultimate philosophical 
limits, this dictum states that all individuals have the right 
to find themselves - to achieve self-actuall!a!~<m through 
smoking pot, watching the movie Deep Throat , or para-
chute jumping. Hedonism in its most crude and vile forms 
receives societal support when it becomes translated as a 
right to search for identity. Thus the logical argument is 
that play, which does something for my identity, is right 
because I have a right to an identity. But what happens 
when every person in our society is permitted to assert 
this right? The result is both progressive and regressive. 
We have art, culture, sports, philosophy, religion, love, 
and humanity in all their beautiful manifestations. On 
the regressive side we have sexual perversions, mental 
breakdowns, crime, bodily deterioration, and a host of 
other undersirable human and environmental indicators. 
Following the trend of our laissez-faire society, there is no 
point at which society can look at the player and say, Your 
life-style for achieving self-identity is not in harmony with 
the collective needs of society. 
Hence, our society, which has adopted the philosophy 
that any means is justified in reaching a state of identity, 
has gone beyond collective hedonism. It will be incum-
bent upon the play leaders of the future to educate the 
citizens of tomorrow in the wholesome and growth-pro-
ducing expressions of self-identity and actualization if we 
are to survive through the age of leisure. 
Toward a Work-Leisure as Play Society 
In order to comprehend the contemporary relation-
ship between work and leisure, a brief statement on the 
holistic nature of human behavior is in order. The human 
organism is biologically designed to operate through two 
complementary phases - effort and relaxation. The bio-
logical sciences have provided us with some helpful analo-
gies when they tell us that effort is to relaxation as catabo-
MEMBER 
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lism is to anabolism and systole is to disatole. How does 
effort differ from work and relaxation differ from leisure? 
When Plato enunciated that man was born to work, 
. ' some assume he was echoing the scriptural Commano 
ment, "Six days shalt thou labor and do all thy work." T• 
protestant work ethic still accepts Plato's dictum without 
serious reservation. Man, needless to say, was not born to 
work. Man was born with an innate capacity for effort, 
which can be dissipated in any activity, be it sailing, cook-
ing, sex, chess, Frisbee, or art. 
This innate capacity for effort is the antithesis of the 
features required to function in the modern work place. 
Effort is autonomous, intrinsically motivated, and stress-
ful, whereas work is allonomous, extrinsically motivated, 
and boring or overarousing. 
Differentiating effort and work along these parame-
ters helps to explain why some individuals enjoy their 
jobs and others find themselves dissatisfying. It is not the 
unique nature of man's activity (e.g., farming, carpentry, 
painting, writing, etc.) that makes it work or leisure, but 
the extent to which the effort involved is inner-directed or 
outer-directed. Autonomous effort is competence and 
freedom in action. Such effort is neither boring nor over-
arousing ; that is, it produces optimal stress. Optimal stress 
is produced when one has no alternative but to take re-
sponsibility for one's actions. By taking responsibility for 
one's actions, one becomes the sole creator of one's effort, 
one's self, and one's identity . -~ 
Autonomous effort characterizes the intenseness " 
the pole vaulter, high jumper, or golfer, oblivious of th 
crowd and unconcerned about the possible consequences 
of success or failure; or the dedication of the poet, writer, 
or artist, expressing an inner need for effectance and un-
concerned about wordly gain or recognition. All these 
people are motivated by their intrinsic satisfaction that 
comes with the freedom of self-expression. Often we hear 
that competition and stress are to be avoided in healthy 
MEMBER 
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interactions. Quite the contrary indeed! Autonomous _ ef-
fort is the genesis of all positive questioning, conflict, and 
c:ompetition. It is only through this healthy risk, challenge, 
adventure that we prod our mind and body to under-
e new problems and solutions. On the other hand, al-
lonomous or extrinsic-dependent effort is the genesis of 
unhealthy, over-arousing forms of competition. Auto-
nomous effort leads to healthy competition for the pur-
pose of improving ourselves, whereas allonomous effort 
leads to unhealthy competition for the purpose of proving 
ourselves to external forces . 
Doring the effort phase, the individual is logical, ra-
tional literal, deductive, and extremely focused on the 
activity at hand. This extreme self-commitment requires 
a grea deal of energy. In order to complement this period 
of dedication, effort, and competence, the organism has 
the "<>logical and psychological capacity to relax. It is dur-
ing · complementary phase that the body and mind can 
refl synthesize, and engage in inductive, nonfocused 
behavior. Effort is output and relaxation is input. The re-
laxa: · or leisure phase of life has been of great concern 
to rities dating back to early times, when idleness 
was -~ed as a cause of unrest and rebellion. The "give 
them bread and circuses" philosophy has permeated into 
the entieth century, where we have a society overly 
dependent on external resources for satisfying the relaxa-
tion phase of life ~ hence the tremendous reliance upon 
elerision spectator sports , energy-consuming activities, 
d many other consumer-oriented forms of relaxation. 
t is no that these external resources are bad in and of 
themselves ; it is simply that we have become extremely 
dependent upon them rather than on our inner resources. 
Play then, is the complementary relationship between 
effo (output) and relaxation (input) at all levels of 
human biology and psychology. 
From the above effort-relaxation paradigm, it is ob-
vio that we want and need effort (work) , and we want 
17 TURF BULLETIN 
and need relaxation (leisure). When work (effort) and 
leisure (relaxation) take that form , the traditional dichoto-
my of work and leisure, which had each of them subor-
dinate to the gther, is removed. 
What are the future problems of this work-leisure as 
play society? 
1. By embracing this work-leisure as play society, one 
would move to smaller scales of producing and organiz-
ing. The way in which people would relate to one another 
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and to their work experiences would also be changed to 
the point where people would welcome more integrated 
cooperative life-styles - life-styles that are based on per-
sonal responsibility and accountability and a greater sense 
of pride and self-worth in what one does to support one-
self and society (effort). 
2. People are forfeiting extrinsic rewards (money, 
benefits , bonuses, etc.) in favor of meaningful intrinsic 
rewards (freedom, responsibility , control, etc.). 
3. We have been inclined over the past two decades 
to assume that man's natural state is a form of homeostasis 
or tranquility. Recent research by scientists such as Hans 
Selye has shown that man seeks some degree of stress, ac-
tivity, or regularity that provides meaning to his exis-
tence. In general, people want to stay active and interac-
tive. The stress of effort (work) , if optimal, helps to pro-
vide a form of biological and psychological " tone" analo-
gous to muscle tone brought about by muscle contraction 
and relaxation. Case studies of retired people have indi-
cated that shortly after retirement, they come to feel use-
less (effortless) and may be driven to occupy themselves 
with trivial tasks and " time-killing" activities. 
. 4. Effort must be recognized as worthwhile whether 
manifested during work time or leisure time. The new 
definition of play (effort-relaxation) , which accepts the 
dictum that effort may be financially rewarding or done 
solely for the value of the activity, will help to give iden-
tity to those who volunteer their efforts without financial 
reimbursement. A wealth of human resources is volun-
teered each year by individuals who cannot be paid or do 
not want to be paid. However, in most instances, their 
efforts are diminished because of society's definition of 
work in terms of financial remuneration. If economic 
forecasts are correct and only 10 to 15 percent of our popu-
lation will be gainfully employed and the other 85 to 90 
18 
percent will have to fill their leisure time with volunteer 
efforts , we had better begin to educate our society toward 
an appreciation and deference for those who volunt~r...._ 
their efforts. 
5. The age of leisure will mean that society will hav 
to adopt a playful approach to life where effort and relaxa-
tion are part of a self-fulfilling adaptive life-style. The 
future will see a tremendous change toward work, since 
this phase of life will change to effort (autonomous ac-
tivities) , and individuals will graciously consent to un-
dertake unpleasant and even monotonous tasks because 
they know that they can always assert their full autonomy 
at any time. This has already been manifested in com-
munal living situations in the United States, Canada, and 
Israel, where the philosophy is one of " working to live and 
living to work." 
Play is being in Concert with Humanity and Nature 
Lately, we have witnessed a number of " environ-
mental crises. " From these urgent warnings the message 
should be loud and clear : this generation and the next 
must learn of the peril that we face from our thoughtless 
exploitation and ravishment of the earth. We must de-
velop a life-style that will respect the finite nature of our · 
earth and assure us of survival. Nowhere is there more 
urgently a need for a life-style change than in our " leisure 
life-styles." People in North America and in some parts 
of Europe have operated under the mistaken philosophy 
that " more" would beget " the good life" and " less" ·-
would beget " the poor life." This consumer philosophj 
has led to an overdependence upon an artificial " gadget 
mentality" supported by a billion dollar mythology that 
science can cure and fix everything tomorrow. 
Both effort and relaxation must occur in concert with 
nature, not only so that we might survive but also that we 
might deserve to survive. Notwithstanding the fact that 
failure to respect nature may lead to deadly conse-
SAWTELLE BROTHERS 
E. ROSS SAWTELLE 
I' 905 - 1964) 
CHESTER M. SAWTELLE 
565 Humphrey St. (Route 129) 
(Former New Ocean House Convention Hall) 
SWAMPSCOTT, MASSACHUSETTS 
-OVER 40 YEARS EXPERIENCE -
Turf Maintenance Equipment and Supplies for Golf Courses 
Telephone SWAMPSCOTT 
599-4856 
P.O. Box 267 
Park Departments - Estates· Airports - Highways - Cemeteries - Schools and Colleges· Institutions 
quences there is the need to educate people about the 
role that nature can play in helping us achieve a state of 
inner biological rhythm. Nature, in her basic fabric and 
o#.J>C'l~l!S , reveals the miraculous in the commonplace of 
ur lives and the source and sustenance of our very being. 
Nature in its simplest form, be it in an inner-city park or a 
secluded wild river, serves as an antidote to the plastic 
and artificial " commodity mentality" transcending all our 
systems of thought and action. 
Play is wonder, curiosity, exploration, and apprecia-
tion of man and his relationship to his earth. Because na-
ture is literally and endlessly wonderful - full of wonders 
- nature offers innumerable and infinite resources for 
education, appreciation, and personal growth through the 
capacity to confirm our existence. 
Play is Unity of Mind, Body, and Spirit 
From our historians and educators we learn that the 
early Greeks did not separate the body from the mind 
and spirit in their "scheme of education." However, short-
ly after Aristotle's Republic came to an end, the great 
game; at Olympia, Nemea , and Delphi took on a profes-
sional approach. Winning justified using any approach , 
and winners were bestowed with great prizes and priv-
ileges_ The Greek ideal of a balanced person with a holis-
tic body. mind , and spirit became perverted by muscle-
bound athletes who could not think and by professional 
musicians and artists who were physical degenerates ad-
icted to drugs for their physical and moral support. 
nfortunately we have never quite regained Aristo-
tle s ancient ideal of an integrated - body / mind/ spirit-
person. If anything, our educational system works to the 
detriment of a unified approach to self-fulfillment. Con-
sider. for example, our " traditional" physical education 
curriculum in both primary and secondary schools. These 
edoca · onal systems reinforce and perpetuate an elitist 
and absolute approach to physical, cultural, and artistic 
expressions. Physical development and expression, as an 
examp e . have become synonymous with competitive 
sports in North America. Furthermore, the competitive 
sports have become so goal-oriented that only winning 
is important, and all other aspects become subordinate to 
winning. The phrase " we 're number one" exemplifies 
the mentality of our professional approach to sports. It 
does not matter how one achieves the " number one" 
ranking. as long as the records state it is so. However, a 
more cogent question is , Why do we have to be " number 
oner · The absolute goal of becoming " number one" in 
some physical attribute clearly rules out the possibility of 
being ·number one" in some other attribute. 
That there is a renaissance in the education of body I 
mind/ spirit is evidenced by the growing army of joggers, 
hikers swimmers, campers , and a host of other " body-
-'- conscious" groups . It is exemplified by the ever-increas-
ing popularity of such newly created games as Yogi Tag, 
New Frisbee, Infinity Volleyball, Boffing, and . Mating 
Game, and Circle Football. These games are of the non-
zero sum type ; that is , everyone plays and everyone is a 
" winner." 
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In the same way that Aristotle described the harmony 
among bodily movement, cerebral thoughts , and musical 
playing as a way of achieving " leisure," the Eastern dis-
ciplines and philosophies also emphasize a unification of 
the body , mind, and spirit through movements of the 
body (yoga) , meditation, and deep relaxation. These East-
ern cults , which promise a unity with oneself and with the 
universe, have swept across the Western world because 
of the vacuum created by our artificial splitting of the 
body from the mind and spirit. 
Young children at play are not able to compartmental-
ize themselves into physical, cerebral , and affective do-
mains. They play in a holistic way. This similarity holds 
true for adults at play. We may well discover that in this 
age, play may provide us with the best option for regain-
ing control over our bodies, minds, and spirits. 
Play as a Forum for Societal Integration 
and Normalization 
Man's behavior is, in good part , determined by his 
ideologies. By ideology, we mean a combination of beliefs, 
attitudes, and interpretations of reality that are derived 
from one's experiences, one's knowledge of what are pre-
sumed to be facts, and above all, one's values. 
One of the primordial ideologies of our society has 
centered around deviancy from normality. Individuals 
who possessed characteristics that set them apart from the 
mainstream of society were treated differently. Thus, in-
dividuals with below-average IQs, physical abnormalities 
(deafness, blindness , paraplegia, etc.), or emotional aber-
rations (depression, aggression, schizophrenia , etc.) were 
automatically isolated from the social and physical en-
vironment inhabited by the "normal" population. This 
isolation led to the development of a series of educational, 
rehabilitative, and other social services totally isolated 
from the life space of the nondisabled population. 
The past decade has seen an outcry against the segre-
gation of the disabled from the rest of the community, 
based on humanistic grounds. The new humanism strong-
ly advocates a more integrated approach to our educa-
tional, vocational, and avocational systems. Translated in-
to practice, this means designing our environments, modi-
fying our attitudes, and reaching out to the disabled, so 
that individuals of all levels of ability can become integral 
members of our societal fabric. 
Nowhere has this philosophy of integration become 
more accepted than in the area of play. Play, through its 
capacity for fostering abilities , has enabled the disabled to 
achieve self-fulfillment and social recognition, which have 
heretofore been denied to them in other spheres of life. 
The integration of the disabled into all our play service 
systems (theater , park, playground, swimming pool, art 
gallery, etc.) has been a great human awakening and 
spiritual uplifting for the average citizen who has taken 
all of his or her abilities for granted and not recognized 
the tremendous capabilities we humans possess. Through 
play as a forum, the able and disabled have come closer 
to recognizing the total integration in all forums of life is 
a worthwhile human goal for which to strive. 
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